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第二部分 呋喃并[3,2-c]吡啶类化合物的合成：发展了 CsF 促进炔类化合物
和 4-甲氧基氧化吡啶经过连续 3, 5迁移一步反应得到呋喃并[3,2-c]吡啶类化合物
的合成方法。这是一类重要的化合物，它的杂环骨架广泛存在于各种药物，天然
产物以及有机材料中。本论文选择 1-炔基膦氧化物和 4-甲氧基氧化吡啶作为模




第三部分 多肽固相合成的新型研究：对固相合成从 C 端（羧基端）向 N 端
（氨基端）合成顺序的传统方法进行改进。已完成树脂保护的氢亚磷酸酯的合成，
并通过固相核磁技术、XPS 技术以及红外技术对其进行表征。实现 Phe-Phe 二肽
的固相合成，并通过 HPLC-MS 技术跟踪不同反应时间下二肽的生成情况。基于


































Having a chemically reactive carbon–carbon triple bond, alkynylphosphinyl 
compounds are extremely versatile reagents for the preparation of highly functional 
phosphorus compounds through conjugate addition reactions, metallacycle formation 
and unique cycloadditions, and they are also concerned as useful intermediates, so 
that it is widely used in organic synthesis. In this paper, 1-alkynyl phosphine oxide 
was selected as reactant to systematically study its synthesis reaction, reaction 
mechanism and substrate applicability. New methods for the synthesis of 
benzo[b]phosphole oxides derivatives and furo[3,2-c]pyridine compounds were 
developed. The advantages of solid-phase synthesis are mainly that the initial 
reactants and products are connected to the solid support, so that all reactions can be 
carried out in a reaction vessel for automated operation, and the synthetic peptides can 
be synthesized. We aim at improving the traditional solid-phase synthesis to develop  
a new solid-phase peptide synthesis path. The main contents are as follows: 
Part 1: TBAI-catalyzed oxidative C-H functionalization: A new route to 
benzo[b]phosphole oxides. we have successfully developed the first simple and 
efficient TBAI-catalyzed addition/cyclization of toluene derivatives with 
diaryl(arylethynyl)phosphine oxides, furnishing rapid access to a structurally diverse 





With the optimized reaction conditions, the substrate scope of this reaction was 
investigated and found that this reaction has remarkable functional group tolerance 
and good to excellent yields. Importantly, this reaction is performed without the need 
of a transition-metal-catalyst, and various valuable products can be conveniently 
obtained in a one-pot process. 
Part 2: Synthesis of furo[3,2-c]pyridine compounds: Developed a method of 
CsF-promoted alkyne compounds and 4-methoxypyridine 1-oxide with continuous 















compounds because of their presence in a variety of pharmaceuticals, natural products, 
as well as organic materials. In this paper, alkynyl phosphine oxide and 
4-methoxypyridine 1-oxide were chosen as the model reaction to optimize the 
reaction conditions. In the presence of CsF, the target product was obtained in high 
yield in toluene at 140 °C for 12 h under air. Importantly, the method is suitable for 
the various alkyne compounds, such as phenylpropiolate derivatives, 
phenyl(phenylethyn-yl)sulfane and alkynyl sulfate compounds, and a series of furo 
[3,2-c] pyridine compounds could be effectively synthesized.  
Part 3: Studying on the solid-phase peptide synthesis: The traditional method of 
solid-phase peptide synthesis from the C terminal (carboxy terminal) to the N terminal 
(amino terminal) synthesis sequence has been improved. Solid-phase NMR, XPS and 
IR analysis of the reaction suggested Wang resin-phosphonate had been synthesized. 
The solid-phase synthesis of Phe-Phe dipeptide was obtained and the formation of 
dipeptide at different reaction times was tracked by HPLC-MS analysis. Based on this, 
it is hoped that PPh3/C2Cl6 can be used as a condensing agent to synthesize peptides 
from N-terminal (amino-terminal) to C-terminal (carboxy-terminal). 
Keywords: Alkynyl phosphine oxide; benzo[b]phosphole oxides; consecutive 3,5- 





















符号 英文含义 中文含义 
DTBP di-tert-butyl peroxide 过氧化二叔丁基  
TBHP tert-butyl hydroperoxide 过氧化叔丁醇 
TBPB tert-butyl peroxybenzoate 过氧化苯甲酸叔丁酯  
DCP dicumyl peroxide 过氧化二异丙苯  
TBAI tetrabutylammonium iodide 四丁基碘化铵 
TBAB tetrabutylammonium bromide 四丁基溴化铵 
TBAC tetrabutyl ammonium chloride 四丁基氯化铵 
DDQ 1,2-dichloro-4,5-dicyanobenzoquinone 2,3-二氯-5,6-二氰基-1,4-苯醌 
TBN tert-butyl nitrite 亚硝酸叔丁酯 
ESI-MS 
NMR 
Electrospray Ionization Mass Spectrometry 
Nuclear magnetic resonance 
电喷雾电离质谱 
核磁共振 
t-Bu tert-butyl 叔丁基 
TLC thin layer chromatography 薄层色谱 
THF tetrahydrofuran 四氢呋喃 
DCM dichloromethane 二氯甲烷  
DMAC N,N-dimethylacetamide N,N-二甲基乙酰胺 
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物 1 才由两个研究组同时发现[6, 7]，1967 年，第一个环上碳无取代基的磷杂环化
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